PATENT SPECIFICATION 

NO DRAWINGS m^mm 

Date of Application and filing Complete Specification: December 6. 1956. 
No. 37304156. 

Application made in United States of America on December 16, 1955. 
Application made in United States of America on July 20, 1956 *. 
Complete Specification Published: At^t 31, I960. 

International Classification:— C08f. 

COMPLETE SPECIFICATION 
Improved Optical Cement Compositloiis and Methods of Cementing Optical Componenis 




10 



15 



20 



25 



30 



35 



40 



We, Kodak Limitcd, a Company regis- 
tered under the Laws of Great Biitain, of 
Kodak House, Kingsway. London W.C.2. 
(Assignees of Edward Camall Jr., and 
John Joseph Lugeit) do here^ declare tiie 
invention for whidi we pray that a patent 
may be granted to us» and the metihod by 
wfhich it is to be performed, to be particu- 
larly described in and by the following 
statement : — 

This invention relate to optical cemeot 
compositions and methods o/t cementing op- 
tical componCTts. 

It is desirable that lens cements ^idd 
have the properties of claii^, high adhesive 
strength and durability chaiaoteristics, a de- 
sirable degree oi elasticiQr. low shrmkage, 
and stability ov«^ long periods of time. It 
is also important that an optical cement 
should be practically immune to the effects 
of variations in temperature, and this is par- 
ticularly in^KHtant and difficult to obtain to 
a sufficient degree in tiie case <rf optical in- 
struments intended for aircraft use* where 
wide temperature variations, taking place in 
^ort p^ods <tf time^ are encountered. Iteis- 
tic humidity conditions must also be with- 
stood, and a good test of this quality in a 
cement is exposure to 95% relative humidity 
at 130'R for long periods. 

•For many years Canadian Balsam has 
be«i used wfam lenses are to be aligned by 
optical means. In one such procedure the 
lens is prewarmed and Canada Balsam put 
on the surface to be contacted. 

With ordinary liquid optical cements, the 
optical ocmponents must be aligned witii a 
clamping device and held in the aligned posi- 
tion by the damping fixture until the cement 
is hard. 

[Price 3s. ff A] 



We have found that optical cem^rts whidi 
are applied as liquids and tiien polymaised 
and form three-dimensional croK-linked po- 
lymers on polymerisation and whicb have 
tile property that gelation oi the cement oc^ 45 
curs early in tiie polymerisation. e.g. when 
fo>m 10% to 30% oi the reaction has oc- 
ourred. have particularly valuable properties. 

According to the present invention th^e 
IS provided a method of making an optical 50 
cement whidh comprises forming a homo- 
geneous bland ai (a) from 40% to 60% by 
wei^t of diaUyl phthalate. diallylpihenyl 
phosphonate or diaDyldiethylene glycol di- 
carbonate; (b) from 60% to 40% by wdMrt 55 
oi (1) an unsaturated polyester, a mix- 
ture <rf an aikyl aciylate or alkyl methacry- 
late wjth from 1% to 5% by weidit (based 
on <i» total wedgbt of (2)) of a divinyl mon- 
omer or (3) a mixture of from 70% to 30% 60 
by WGi^t oi an unsaturated polyester and 
from 30% to 70% by wdght of a chlorin- 
ated biphenyl; and (c) a polymerization 
catalyst, heating said blend to form a gd, 
ooolmg the g^ to about room temperature. 65 
addmg to tiie gel from 25% to 1000% of its 
weiijit Qt said blend in a more liquid con- 
dition than the gei and homogenizms the 
mixture. — 

Th& present invention also provides a 70 
metiiod oi making an optical component 
having at least two elements provided with 
cytrcal surfaces wftMch comprises assembS^ng 
the elements wrtii an optical cement com- 
position provided by tiie present invention 75 
between and m contact witii said sur&ces 
and polymerising the cment composition be- 
tween said surfaces so tiiat it hard^. 

The polymerisation catalyst used in pre- 
panng an optical cement composition of the 80 
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preset invention for acceleration of the co- 
polymerization, of reactive groups in the 
composition, may be for example benzoyl 
• * jieroxide, acetyl peroxide, phthalic peroxide, 
5 lauric peroxide or similar per compounds. 
By "room temperature" as used herein, we 
mean about 70** F. or about 20' C, but tins 
temperature is not critical. It can be any 
temperature at which the reaction whidi pro- 
10 ceeds at the elevated temperature to which 
the mixture is heated, is brought to a sub- 
stantial halt. 

Chlorinated biphenyls are marketed under 
the name "Arochlors" by the Monsanto 
15 Chemkal Oompany. Of the "ArochloTs", 
numbers 1242. 1248, 1254 and 1262 have 
been found to provide successful results, but 
number 1260 has been found to best. 
("Arcchlois*' is a registered trade maik). 
20 The proper choice of the constituents in 
preparing an optical cement composition of 
. the invention is important and several factors 
must be considered. The components of the 
solution must be diosen 30 that the resulting 
25 polymer wM have the properties which wiU 
enable the optical component to be sub- 
jected to both hi^ and low temperatures or 
* ' any oAer climatic conditions without the 
cement losing its adhesion or becoming 
30 crazed, or in any olher way breaking down 
so as to impair optical performance. The 
index ct re&raction of flie components of the 
solution sliould be siodi that on polymerisa- 
tion no variations in the refitactive index are 
35 present which would be visible in the cured 
cement la^'er. Such variations of index aie 
seen as a mottling ^ect in ttie cemrat layer. 
The components of the solution must contain 
enough reactive unsaturated linkages capable 
40 of undei^oing polymerisation so that gela- 
tion wHl occur, yet not so many that upon 
total polymerization the cured product i$ so 
highly cioss-linked tluit the copolymer is 
britde and lacks all flexibility. Hie shrink- 
45 age of the cement on polymerization should 
be as low as possible, fnnn 6% to 9% being 
acceptable for most requirements. 
' In preparing optical cement compositions 
according to the invention 'the components 
50 (a), (b) and (c) are blended to form a homo- 
geneous solution. A part of the solution is 
then heated until a gel of the proper con* 
sistency, depending on the components, is 
formed. In order to measure the consist* 
55 ency, the gel is tested for needle penetra- 
tion using a Penetrometer described in 
A.S.T.M. standard method of test for pene- 
tration of bituminous materi^s (A.S.TJ^. 
Designation: D5-25). A gel penetration 
60 from approximately 10 to 40 mm/30 sec/50 
gms. has been found to make workable ce- 
ments, penetrations in the lower portion of 
the 10-40 mm. range indicating presence of 
a hard gel, while laiger penetrations indi- 
65 catd softer gels. Our preferred temperature 



for heating llie soiution is 70 ' C, but some- 
what lower or higher temperatures may^ be 
used with corresponding changes in the time 
required to obtain a suitable gd, Le. a lon- 
ger time with a lower temperature, a shorter 70 
time with a higher temperature. 

Wlien the proper gel is formed, it is cooled 
at once to room temperature. At least 25% 
and preferably not over 1000% of the quan- 
tity of the original mixture in a more liquid 75 
condition than the gel is added to the gel. 
The added mixture may be either ungdled 
original soluticm or a very soft gel having a 
visoosify between that of the origma! start- 
ing solution and the lower limit of gel hard- 80 
ness described above. Not only are success- 
ful results obtained by mixing a hard gel 
with a liquid but aUo by taking a mixture 
of a hard and soft gel and producing a 
cement. 85 

After addition of the original mixture or 
soft gel to the firmly gelled material, the two 
material are homogenized in such a way as 
to reduce the firm gel to very small particles, 
well disp^ed throu^out the nuxture. Ho- 90 
mogenization is accomplished by forcing 
(under about 400 lbs./sq. in pressure) the gel 
and storting solution mixture through a 
staii^ess steel screen. Three passes through 
a 50 mesh screen are usually enough to ^ve 95 
satisfactory smoothness and optimum gel 
particle size. (The percentages stated above 
are by weight or volume, as they are sub- 
stantially tiie same). 

By attaining the proper gel hardness the 100 
optical components when cemented with the 
gel cement resist slipping when held in an 
inclined an^e to the horizontal. In general 
these gel oemenls are best applicable to 
lenses ci 4-inch diameter or smaller. Cer- 105 
tain of these gels will hold lens elements up 
to 1 indi in diameter witliout slipping, even, 
when the joint is positioned on the verticaL 
Lenses laiger than 4-inch diameter can of 
course be cemented with these compositions* 120 
provided prope;: precautions are taken 
against slipping of the elements during poly- 
merization. 

For use, the gel cement is placed on the 
smfacKof the optics to be cemented and the 115 
ooxuponents put to^tiier and worked until 
the cement layer js free from voids and 
bubbles. H desirable, tbe lens may be pre- 
warmed in the same manner as with Canada 
Balsam. The element is then aligned by 120 
any ci the usual methods. 

With this optical gd cement composition 
of the invention, lenses can easily and rapid- 
ly be aligned by any one of the classical 
methods such as by rotating the elemrat in 125 
a spindle, cup fixtures, clamping or dial 
gauge methods. One nielhod is by rotating 
the element in a spindle and adjusting it until 
an object, preferably a small light source, 
seen reflected in the surfaces does not describe 130 
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a ciide as the lens is rotated. When this 
condkiofl is attained the alignment is com- 
plele and opticaHy correct The gel cem- 
ents of the invention have the important ad- 
5 vantage that they will hold lens elements m 
an aligned position before and during poly- 
merization of the cement layer without the 
ctf a clampmg fixture. After alignment 
the optical element is placed in an oven at 
10 an appropriate temperature without any ex- 
pensive fixtures or ctonps umtil such time as 
polymerization is complete. 

We have found that the use of higjt tem- 
peratures for curing lens cements is pief^- 
15^ ably avoided since strains may be set up in 
the optical componeats at excessivdy high 
temperatures and the setting up of the cem- 
ent causes this abnormal condition to le- 
main. However, ifhe time of curing appeare 
20. to vary in an inverse proportion to tiie tem- 
perature, so that with higher temperatmes 
jaiorter during times are requried. For in- 
8tance» at 140" F.. tiie time of curing is about 
five days .at 160*' F. about 40 hours, and 
25 at 180" F. about 24 hours. When one of^ 
optical components to be cemented has a 
relatavoly km me^ng point, surfi at gelatin 
ttien a temperature of 140" R is indicated' 
iS^o^®^ extreme, a tenq)emture as iMh 
• ^no^ ^ ^ lowas 

t20 F. A preferaWe temperature is l^C F 
for 40 hours and the pr^crred range for 
commercial operations is about 140-220" F 
In other words, a wide range of temperatures 
3> and curing times is available, lunited by the 
extremes of temperatures so hi^ as to be 
detrimental to the optical components, and 
cutmg times so long as to be commeraally 
impraoticaa. sditlhough nevertii^te^ oomplew 
40 I3gy optei^able. An unsaturaited polyesiter^k- 
able for use in the present invention derived 
from bkyc^o (2Al>5-heptene.2J dicarbox- 
ylic anhydride and 1.2-propanediol. is made 
by mixmg equhnolar quantities of l.l-pro- 
45 panrfiol and bi<^do (2.2.1)-5-hepime.2.3. 
dicarboxylic anhydride and 0.01% hydro- 
qmnone and heating the mixture at 205- 
210*C. under an inert atmosphere of nitro- 
gen, CO2 or tiie like for from 9 to 12 hoiHS 
5C unfal^the acdd number of the poiyeste is 

Example 1. 

One part of this unsaturated polyester is 
blended with one part of dlallyl phenylphos- 

55 phonate and 3% benzoyl peroxide. Two 
parts of the resulting solution is heated in 
an oil baiai at 70** C until g^tion occurs 
The gel is immediately cooled to room tean- 
perature. I^ree paxts of tihe original sdIu- 

€0 tion IS added to tiie gel and homogenized 
until the geMed particles ar^ reduced to a 
very small size and are well dispersed 
throughout. Entmpped air is removed prior 
to use by placing the gel disperaion undW a 

65 vacmim appKq>riate to the vapour preraii© 



q£ the u>nstituenis at room temperature, that 
is» a vacuum just short <rf the vapour pres- 
sure or boiling point of le» than 1 mm. For 
this group of cements liiis vacuum is rough- 
ly 1 to 5 mm. pressure. 70 

In cementing optical components accord- 
ing to the present mvention. the cement is 
poaoed m the surfiaoe of one of the campon- 
cffts and the components put together and 
worked until a continuous cement layer is 75 
attained. The element is then aligned. The 
elements, once cemented, will not slip from 
their aligned pos^on. Tlie cemented ele- 
ment is carefiilly placed in an oven at lO^'C 
(about 158" FO to complete polymerization. 80 
£xample 2. 

One part of an unsatimated polyester de- 
nvwi from bicyclo (2Al>5-heptane-23.di. 
carb03Qrlic anhydride and i;2-propanediol is 
mixed with one part of diallyl phtiialatc. To 85 
mis solution is added 3% benzoyl peroxide. 
Ten grams of tiie resulting solution is heated 
ui^ gelation occurs. The gel is immcdi- 
atcdy cooled to room temperature and then 
homogenized with 10 grams of the original 90 
solution as m Example 1 and the resulting 
cement may be used in the rame manner. 
Example 3. 

One part of an unsaturated polyester de- 
rived from bicyclo (2Al>5-heptene-2.3-di. 95 
carboxyhc anhydride and U-propanediol is 
Wended wjtii one part of a chlorinated bi- 
phen]^ ("Arochlor 1260". product of Mon- 
^o Chemical Company) and two parts of 
diaJlyl phenylphosphonate and 3% bensoyi 100 
peroxide. The di^ersed gBl-4ype of cement 
Js then prepared and used as in Examples 1 
and 2 above. 
Example 4. 

To equal parts of n-butyl methaciylateand 105 
diallyl diethylene glycol dicarbonate is added 
3% toy weight ben2X>yl peroxide and 1J% 
of a 75% paradivinylbenzene»25% l,4.e!aiyi- 
vmylbenzene mixture. One half of this 
material is converted to a hard gel. The iin 
otiiec half of the original mixture is con- 
verted to a very light gel as occurs just at 
the point of transition from the Uquid stage 
to tiie gelled mge. The two geils aie mixal 
together and homogenized until the gels are 115 
reduced to very small partides. The rrailt- 
ing cemem cam be used in the same mann^ 
and tecfamque as in Examples 1 to 3. 

Lenses made with the events of the prcs- 
em mvention are usrful in tJie mn^ of 120 
-65* to +160* R ^ 

The cement^ ctf ihe present invention also 
have the proporty of witiistanding drastic 
ixumidity conditioi^. 

In testing clients according to the inven- 
tion, quantities of different lenses were ac- 
tuaUy cwncnted in ord^ to conH)arativeIy 
evaluate tiie properties of tiiese cements. For 
instance, tiicse cements were able to hold 
without slippmg a lens 32.70 mm, in diam- 130 
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eter with a 32.72 mm radiiui of curvature 
(internal) when held at a vertical an^e, that 
is, with the lenses on edge. Depending on 
the radius of curvature and thickness of the 
5 lens elements, the cements of the invention 
are useful in holding lens elements of 40 
mm. and larger diameters during setting of 
the cement, without using clamping devices. 
We bdieve diat in an optical cement com- 

10 po^idon of the present invention, the hard 
gel actually holds the lens in position y/Mc 
the unpolymerized starting material on lig^t 
gd acts as both a lubricant and as a vehicle 
for the gel. The starting material permits 

1 5 movement when the lens is worked to remove 
the bubbles and voids in the cement laj^, 
but when the lens is in the desired position 
the hard gel prevents the lens from dipping. 
The advantages of an optical gel cement 

20 of the present invention are that its use does 
not require prewarming of the lens compon* 
eats or the use of fixtures to damp the lens 
components togeth^ dining the setting of 
the cement after the lens 1ms been aligned, 

25 thus providing a cheaper and faster method 
of producing good quali^ lenses. The gel 
cement can be used in place of Balsam cem- 
ent when it is desiral^e to use optical meth- 
ods of alignment 

30 WHAT WE CLAIM IS :— 

1. A method of preparing an optical ce- 
ment composition which comprises forming 
a homogeneous blend of (a) from 40% to 
60% by weight of diallyl phthalate, diallyl 

35 phenyl phcsphonate or diallyl diethylene 
glycol dicarbonate; (b) from 60% to 40% 
by weight of (1) an unsaturated polyester, 
(2) a mixture of an alkyl acryiate or alkyl 
methacrylate with from 1 % to 5% by weight 

40 (based on the total weight oi (2)) of a divinyl 
monomer or (3) a mixture of from 70% to 
30% by weight of an unsaturated polyester 
and from 30% to 70% by weight of a chlor- 
inated biphenyl; and (c) a polymerization 

45 catalyst, heating said blend to form a gel. 
cooling the gel to about room temperature, 
adding to the gel from 25% to 1000% of 
its weight of said blend in a more liquid con- 
dition than the gd and homogenizing the 

50 mixture. 

2. A me&od aooording to Claim 1 in 
which (b) is an unsaturated polyester pre- 
pared by mixing approximately equimolar 
quantities of 1 ^-propanediol and bicyclo 

55 (2,2,1 )-5-heptene-23-dicarboxylic anhydride 
and about 0.01 % hydroquinone and heating 
liie mixture at from 205 to 210''C. under an 
inert atmosphere for from 9 to 12 horns until 
the acid number of the polyester is from 14 

60 to 17. 

3. A method according to Claim 2 in 
which (a) and (b) are employed in about 
equal proportion^. 

4. A method according to Claim 1 in 
55 whidi (a) is 1 part by weight of dial^l di- 



cthyleneglycol dicarbonate and (b) is 1 part 
by weight of n-butyl methacrylate with 3% 
by weight added of a mixture of 75% by 
wej^C of paradivinyl-benzene and 25% by 
weight of I.4-eUiylvinylben2enc. . 

5. A method according to Oaim 1 in 
which (a) is 2 parts by weight of diallyl 
phenyl phosphonate and (b) is 1 part by 
weight of the polyester defined in Claim 2 
with 1 part by weight of dilorinated bi- 75 
phenyl. 

6. A meliiod according to any of Claims 
1 to 5 in which about 3% by weight of a 
peroxide polymerization catalyst is employ- 
ed- 

7. A method according to Claim 6 in 
wiiich the catalyst is benzoyl peroxide. 

8. A method aoccmiing to any of Claims 
1 to 7 in whidi there is added to the gel 
100% of its weight of the blend in a more 85 
liquid condition. 

9. A method according to any of Claims 
1 to 7 in which there is added to the gel 
150% of it$ weight of die blend in a moro 
liquid condition. 90 

10. A method according to any of CUtuns 
1 to 9 in which the gel is hard and there is 
added thereto the blend at the point of its 
transition from the liquid state to the gelled 
state. 95 

11. A method according to any of Claims 
1 to 9 in which the gel aUows a penetration 
of from 10 to 40 mm/30 secs/50 grams in 
the penetration test as herein diefined. 

12. A method according to any of Claims 100 
1 to 9 and 11 in which the blend in a mxo 
liquid condition is the original blend. 

13. A method according to any of Oaims 
1 to 12 in whidh the homogcnlsatron is 
effected so that said gel is reduced to very 105 
small particles well dispersed throughout the 
mixture. 

14. A method according to any of Claims 
1 to 13 in which homogeiiization is effected 

by forcing the gel and the added more liquid 110 
blend throu^ a 50 mesh screen under about 
400 lbs. per square indi pressure. 

15- A method of preparing an optical 
cement composition according to Claim 1 
substantially as herein described. 115 

16. An optical, cement composition pre^ 
pared by a method according to any of 
Claims 1 to 15. 

17. A method of making an optical com^ 
ponent haying at least two elements provided 120 
with optical surfaces wiiich comprises as- 
sembling the elements with an optical cement 
composition aocordmg to Claim 16 between 

and in contact with said surfaces and poly- 
meri^g ^e cement composition between 125 
said surfaces. 

18. A method according to Claim 17 in 
which the optical compcment is aligned be- 
fore the cement is set and thereafter is not 
held in alignment by mechanical means dur- 130 
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in the setting of tiie cement. 

19. A meitfaod acoonling to Claim 17 or 
18 in wbich tiie cement is polymerized by 
heating it a<t about 70*'C. 

20. A m&thod accaoiding to any of Claims 
17 to 19 in v/tddi one of iho optical ele- 
ments is a lens element of up to about 40 
mm. diameter. 

21. An optical component made by a 
method aooordmg to any of Claims 17 to 20. 

22. A metthod of canstructing an optical 
comoponent acoording to Qaim 17 substan- 
tially as herein described. 

23. An optical component comprising 



two e}emea?ls having facing optical surfaces 15 
and a cement resulting from the polymeriza- 
tion in siiu of an optical cement composition 
according to Ckdm 16 between and in con- 
tact with the facing op^tical surfaces of the 
elements. 20 

24. An optical compon^t according to 
aaim 23 substantiailSy as herein described. 

25. A poiymer r^ulting from the poly- 
merizadon of an optical cement composition 
according to Oaam 16. 25 

flL. E. T. BRANCH. B.Sc. RR.LC. 
Patent Agmt. 
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